Introduction {#s0001}
============

*Clostridioides difficile* (*C. difficile*) is one of the frequent reasons of nosocomial diarrhea and being recognized as the leading cause of gastrointestinal infections worldwide, with 70--80% of *C. difficile* infections (CDIs) occurring in elderly hospitalized patients.[@cit0001],[@cit0002] The incidence of CDI has been reported as 10-fold higher among the elderly population than in young adults and death rates of CDI in patients over 80 years of age may exceed 20%.[@cit0003],[@cit0004] It can lead to readmission, significant increase in time, hospital stay and recurrences of infection.[@cit0005],[@cit0006] Elderly people are more common in hospitals and may be at an increased risk for CDI due to reduced immune status, experience more severe diseases and increased exposure to antibiotics.[@cit0006],[@cit0007] In fact, antibiotic treatment alters the composition of the gut microbiota that leads to the loss of colonization resistance to opportunistic bacteria, including *C. difficile* in this environment.[@cit0003],[@cit0008] The histopathologic damage is caused by *C. difficile* virulence factors, mainly toxins A (*tcdA*) and toxin B (*tcdB*) and the binary toxin (*cdtA*, and *cdtB*).[@cit0001],[@cit0009],[@cit0010] Fecal microbiota transplantation (FMT) could be used as an effective therapy in managing patients with multiple recurrences of CDI and repeated antibiotic treatment.[@cit0004],[@cit0011] FMT is an emerging therapy for CDI that offers the potential for rapid and lasting elimination of CDI by the restoration of healthy microbiota especially in older patient populations.[@cit0004] The elderly microbiota composition is distinct from that of young adults and marked by an unusual bacterial distribution associated with diet, age and hospital stay.[@cit0003],[@cit0008] Identification of the dominant bacterial species associated with CDI is important to show the disturbances of gut microbiota, which lead to *C. difficile* colonization and infection as the important cause of nosocomial diarrhea[@cit0003],[@cit0010] Several advanced molecular methods can be used to identify the microbial communities in the high-risk population of elderly hospitalized subjects.[@cit0007],[@cit0008],[@cit0010] Next-generation sequencing technologies have provided invaluable data on the size and composition of intestine microbial. These sensitive methods are comparatively expensive and need skilled bioinformatics analysis for interpretation of the data.[@cit0012],[@cit0013] On the other side, quantitative polymerase chain reaction (qPCR) methods are fast cost-effective and reliable culture-independent techniques that have detected changes in the intestinal microbiome associated with antibiotic treatment or other diseases.[@cit0013] This case--control study aimed to evaluate the targeted bacteria population in the fecal microbiota between two groups of hospitalized elderly, categorized according to CDI and non-CDI by using real-time qPCR. It is necessary for a better understanding of the alteration of the intestinal microbiome lead to CDI and providing potential targets for prevention and treatment.

Materials and Methods {#s0002}
=====================

Study Population {#s0002-s2001}
----------------

At the Internal Medicine and Critical Care Unit of Isfahan University Hospitals, Iran, we enrolled two groups of elderly (≥65 years old) patients hospitalized from August 2018 to June 2019. In this case--control study, the patients admitted to different wards have been included a wide range of acute diseases ([Table 1](#t0001){ref-type="table"}). Each patient signed a written approved consent form before their stool being collected for use in this study. CDI group included 28 patients between 68 and 84 years old, exposed to antibiotic treatment during their hospitalization, and had been diagnosed with CDI at the moment of stool collection ([Table 1](#t0001){ref-type="table"}). Non-CDI group was composed of 56 subjects without diarrhea or other symptoms of CDI, admitted for extra-intestinal illnesses and were undergoing antimicrobial therapy during their hospital stay. Faecal samples were routinely collected in plastic containers and shipped to the laboratory of Infectious Diseases Research Center within 24 h, where they have been immediately frozen at −80°C until further processing.Table 1Clinical Characteristics of Enrolled Subjects, Hospitalized Patients with CDI and Non-CDI GroupVariablePatients with CDI^a^ (n=28)Non-CDI Group (n=56)P-valueDemographic data Age (years)^b^79 (68--84)75 (65--82)0.971 Female, n (%)13 (46.42)24 (42.85)0.882 BMI (kg/m^2^)^b^25.14±3.2126.28±1.230.078Laboratory data White blood cells (×10^9^ cell/mL) (IQR)14.4 (9.1--18.8)9.3 (7.5--11.7)0.540 Platelets (×10^9^ cell/mL)271 (178--334)245 (135--291)0.723 Hemoglobin (mg/L)11.8 (8.9--13.8)13.7 (9.2--15.8)1.02 Albumin (g/dL)2.8 (2.0--3.1)2.0 (2.0--2.3)0.922 Creatinine (mg/dL)1.36 (0.6--1.50)0.86 (0.5--1.1)0.483 Sodium (mg/L)139 (136--145)123 (125--136)0.657Comorbidities, n (%) Heart failure7 (25)18 (32.1)0.948 Dementia2 (7.1)00.986 Respiratory disease9 (32.1)11 (19.7)0.468 Hypertension3 (10.7)10 (17.8)0.756 Cerebrovascular disease3 (10.7)12 (21.4)0.721 Others4 (14.3)5 (8.9)0.990Antimicrobials and drug administration, n (%) Clindamycin18 (64.28)18 (32)0.005 Metronidazole2 (7.14)1 (1.78)0.850 Piperacillin/tazobactam12 (42.85)10 (17.85)0.009 Aminoglycosides11 (39.28)24 (42.85)0.128 Cephalosporin13 (46.42)15 (26.78)0.001 Proton pump inhibitors13 (46.42)24 (44.64)0.105Risk factors Days of hospitalization, median29 (16--41)12 (7--23)\<0.001 Previous surgery within 3 months, n (%)10 (35.71)10 (17.85)\<0.001 Residence in nursing home, n (%)11 (21.15)4 (8.16)0.005 Duration of antibiotic exposure11 (6--18)5 (4--9)0.000[^1][^2]

Detection of Toxigenic *C. difficile* Isolates {#s0002-s2002}
----------------------------------------------

Fecal samples from all subjects were inoculated into the selective medium *C. difficile* moxalactam norfloxacin (CDMN) broth and incubated in anaerobic jars for 48 hours at 37°C (80% N2, 10% CO2 and 10% H2). Alcohol shock treatment was performed and the pellet was inoculated into the CDMN agar and incubated anaerobically for 48 h at 37C°. Characteristic yellow colonies grown on this medium and L-proline aminopeptidase positive were identified as *C. difficile*.[@cit0014],[@cit0015]

DNA extraction was performed with the procedure presented in the study by Pitcher et al.[@cit0016],[@cit0017] Polymerase chain reaction (PCR) targeting the species-specific triose phosphate isomerase gene, *tpi* to verify the presence of *C. difficile* in stool cultures. The presence of the genes encoding toxin A and B (*tcd* A and *tcd* B) and binary toxin (*cdt* A, *cdt* B) were performed using multiplex PCR method as described by Stubbs et al and Lemee et al.[@cit0014],[@cit0018] *C. difficile*, ribotype 027 was used as positive control in molecular and microbiological analysis.[@cit0009]

Antimicrobial Susceptibility Tests {#s0002-s2003}
----------------------------------

Antimicrobial susceptibility testing to eight antibiotics was determined using disk diffusion method for isolated *C. difficile* strains. Antimicrobial disks were purchased from Padtan-teb Co. (Tehran, Iran) and Rosco Diagnostica A/S (Taastrup, Denmark) and interpretation of results were performed according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI) 2012 and the European Committee on Antimicrobial Susceptibility Testing (EUCAST) ([Table 2](#t0002){ref-type="table"}). In addition, E-tests (LiofilchemR, Italy) determined Minimum inhibitory concentrations (MICs) of vancomycin and metronidazole. Interpretation of the results and determination of the MICs were carried out according to the EUCAST guideline ([Table 3](#t0003){ref-type="table"}). All tests were performed on Brucella Blood Agar containing vitamin K1, haemin, and defibrinated sheep red blood cells, and the antimicrobial agents tested were selected because of the emergence of reduced susceptibility.[@cit0015] *Streptococcus* sp. MTCC 689 and *Clostridium perfringens* MTCC 13,124 strains were selected as controls.Table 2Antimicrobial Susceptibility of 28 Toxigenic *C. difficile* IsolatesAntimicrobialsDisk PotencyZone Diameter Values in mmNumber (%) of IsolatesSusceptibleResistantSusceptibleResistantClindamycin^a^(2 µg)≥15\<1515 (53.6)18 (64.2)Erythromycin^a^(15 µg)≥22\<1719 (67.9)9 (32.1)Rifampicin^a^(5 µg)≥20≤1626 (92.9)2 (7.1)Vancomycin^b^(30 µg)≥19\<1926 (92.9)2 (7.1)Moxifloxacin^b^(5 µg)≥21\<1827 (96.5)1 (3.5)Metronidazole^b^(5 µg)≥15\<1527 (96.5)1 (3.5)Fusidic acid^a^(10 µg)≥26≤2228 (100)0Levofloxacin^b^(5 µg)≥17≤1328 (100)0[^3] Table 3Minimum Inhibitory Concentrations of 28 Toxigenic Isolates to Vancomycin and MetronidazoleAntimicrobialsMIC (mg/L)Number (%) of isolates (n=28)RangeMIC50MIC90SusceptibleIntermediateResistantVancomycin0.016--1.50.0320.03226 (92.8)2 (7.1)0Metronidazole0.032--20.250.527 (96.4)1 (3.6)0

DNA Extraction {#s0002-s2004}
--------------

Briefly, 220 mg of frozen stool sample was treated with ASL buffer and heated to 95°C for 5 min to obtain bacterial lysis. DNA was extracted with the QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions.[@cit0012] DNA concentration was quantified using a Qubit^TM^ 4Florometer (Life Technologies, Invitrogen, Singapore). Fecal DNA samples were adjusted to equal concentrations and 50 ng of faecal DNA was used for qPCR analysis.

SYBR Green q-PCR {#s0002-s2005}
----------------

The SYBR^®^ Green-assay was carried out in a Rotor-Gene 6000 real-time PCR cycler (Qiagen Corbett, Hilden, Germany) using the QuantiTect SYBR^®^ Green PCR kit. The genes encoding 16S rRNA from specific bacterial groups were amplified using qPCR master mix (Yekta Tajhiz Azma, Tehran, Iran). All primers and annealing temperatures are detailed in [[Supplementary Table S1](http://www.dovepress.com/get_supplementary_file.php?f=262019.docx)]{.ul}.

Samples were run in duplicate in a volume of 25 μL containing 1 × SYBR green qPCR master mix, 0.5 μM of each primer and 50 ng of purified fecal DNA. The PCR program for bacteria consisted of one cycle at 95 °C for 15 min, 40 cycles of denaturation at 95 °C for 1 min, 30 s at the appropriate annealing temperature ([Table 2](#t0002){ref-type="table"}), and 72°C for 1 min followed by a final extension step at 72 °C for 5 min.

Following the amplification, a melting temperature analysis of PCR products was performed to determine the specificity of the PCR.

Quantification was done using melt curve analysis obtained from continuous fluorescence measurement along with slow heating at 0.1 °C/s from 72 °C to 95 °C. The copy number of 16SrRNA gene operons of targeted bacteria in crude DNA templates was determined against serially diluted plasmid DNA standards. The appropriate set of standards melting curve analysis of the PCR products was conducted following each assay to confirm that the fluorescence signal originated from specific PCR products and not from primer-dimers or other artifacts. In each run, a non-amplification control (NTC) which did not contain any DNA template. The standard curve was constructed for assessment of the number of different bacterial groups present in each sample using serially diluted bacterial genomic DNA extracted from the reference strains of a pure culture of targeted bacterial groups. The bacterial concentration from each fecal sample was calculated from the threshold cycle values (Ct) acquired from the standard curve and expressed as the number of bacteria per gram feces.[@cit0019]--[@cit0021]

Statistical Analysis {#s0002-s2006}
--------------------

Statistical analysis was performed using SPSS version 21.0 software (SPSS Inc. Chicago, IL, USA). Clinical characteristics of subjects were expressed as the means ± SD. The qPCR results were graphically presented by box plots. To compare the means of different variables between the study groups, an independent sample *t*-test was used.

For continuous variables (eg, age and weight), one-way analysis of variance was utilized. For categorical variables, Pearson's chi-square was performed. P \<0.05 was regarded as statistically significant.

Results {#s0003}
=======

Eighthly four fecal samples of the 28 patients with CDI and 56 healthy controls were studied. All specimens introduced in this study were from subjects older than 65 years, with the same proportion of females and males in both the healthy (average of 75 years of age) and CDI groups (average of 79 years of age), to minimize differences due to age or gender. [Table 1](#t0001){ref-type="table"} summarizes the clinical characteristics of these subjects; correlations between both groups were analyzed using the Mann--Whitney *U*-test. There were no significant differences between age, gender, BMI, metronidazole, aminoglycosides or proton pump inhibitors (PPI) treatment. They differed significantly for a prolonged hospital stay, previous surgery, residence in nursing home and exposure to a range of antibiotics including quinolone, clindamycin or cephalosporin. Nearly all of the *C. difficile* strains were susceptible to metronidazole, vancomycin, fusidic acid and levofloxacin. Clindamycin and erythromycin were the most resistant antibiotics (64.4% and 31.2%, respectively) ([Tables 2](#t0002){ref-type="table"} and [3](#t0003){ref-type="table"}).

To quantify the total bacterial DNA targeted bacterial sub-populations in all subjects, qPCR was used to analyze the original DNA samples using bacterial species-specific primers. qPCR data were expressed as copies per gram total microbial DNA as seen in [Table 4](#t0004){ref-type="table"} and [Figure 1](#f0001){ref-type="fig"}. CDI group had significantly fewer members of *Bacteroides* spp., *Clostridium* cluster IV, *Bifidobacterium* spp., *Faecalibacterium prausnitzii*, and *Prevotella* spp. in their fecal microbiota than the control group (P \< 0.05). The abundances of *Akkermansia muciniphila, Lactobacillus* spp., *Escherichia coli*, and *Klebsiella* spp. were higher in group CDI compared with the control group (*P* \< 0.05) ([Figure 2](#f0002){ref-type="fig"}). The differences of intestinal bacterial genera in CDI Patients were represented in [[Supplementary Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=262019.docx)]{.ul}.Table 4Comparison of Population Numbers of Selected Microbial Groups in Case (CDI Patients) and Control (Hospitalized Patients without Diarrhea) Studied Groups Participated in This StudyBacterial SpeciesCopies per gram of Faecal\
Case (N=28) Control (N=56)*t*-Test for Equality of Means\
T Sig. (Two-Tailed)*E. coli*6.65E7±5.38E7 3.16E7±3.92E73.30 0.001*Lactobacillus* spp.9.34E7±2.56E8 1.75E7±3.67E72.18 0.032*Bacteroides* spp.6.18E7±1.30E8 2.00E8±2.58E8−2.66 0.009*Clostridium* IV6.25E7±1.05E8 1.95E8±3.25E8−2.09 0.039*Bifidobacterium* spp.1.41E8±3.86E8 1.56E9±1.92E9−3.83 0.000*F. prausnitzii*6.91E8±1.33E9 1.29E9±8.55E8−2.49 0.015*A. muciniphila*7.53E8±1.84E9 2.18E8±2.98E82.13 0.036*Klebsiella* spp.6.93E7±7.00E7 3.31E7±5.34E72.62 0.010*Enterococcus* spp.5.41E8±1.30E9 4.34E7±5.62E72.84 0.006*Prevotella* spp.2.12E7±2.68E7 8.39E8±1.39E9−3.10 0.003 Figure 1Box-and-whisker plots of bacterial groups quantified by qPCR. **Notes:** Bacterial groups quantified by SYBR Green qPCR and expressed as Log10 bacteria per gram stool in hospitalized patients with CDI and non-CDI group. Outlier point were shown by \*.Figure 2Flow diagram illustrating the number of patients and their gut microbiota patent.

Discussion {#s0004}
==========

CDI is regarded as a major health problem throughout the world because of its critical role in increased morbidity and mortality. A recent study in Iran showed that significant risk factors for CDI were advanced age, undergoing chemotherapy, previous surgery, and residence in the nursing home.[@cit0009] *C. difficile* colonization has been reported as 10 times higher in elderly patients than in the general population living outside long-term care facilities.[@cit0022] We have applied targeted qPCR method for assessment of each predominant genus of commensal and pathogenic organisms in gut microbiota separately. A previous study on elderly and CDI showed that there was little difference regarding the microbiota composition between CDI subjects and asymptomatic *C. difficile* carriers and a minor bacterial taxon showed a statistical difference between CDI patients and non-CDI individuals.[@cit0007]

The 16S rRNA profiling has been performed on a limited case-study of *C. difficile* negative and positive individuals. In accordance with previous studies, we found that in these elderly patients, *C. difficile* colonization was associated with more significant differences in microbiota between both groups.[@cit0007],[@cit0008]

We could focus on previous antibiotic use during the survey and our results showed that prolonged hospital stay, previous surgery, residence in the nursing home, and exposure to a range of antibiotics (quinolone, clindamycin, or cephalosporin) were clinical risk factors for CDI. However, other similar studies revealed that these risk factors did not significantly differ between CDI and non-CDI patients with diarrhea.[@cit0023]--[@cit0025] The discriminatory power of stool testing and the limited number of studied populations may be the cause of this difference.

Nearly all identified *C. difficile* strains in our study showed susceptibility to vancomycin and metronidazole. Full susceptibility of *C. difficile* isolates to these antibiotics has been reported in other studies.[@cit0009],[@cit0026]

In the current study, *C. difficile* isolates showed the highest antibiotic resistance rates to clindamycin and erythromycin. Lower susceptibility to metronidazole in recent studies may be due to differences in the number of investigated isolates and excessive use of this antibiotic to treat CDI.[@cit0027]

Circulating strains in different regions have the potential to extend worldwide and genotyping of strains is important in the identification of epidemic, hypervirulent genotypes, and the relations between them.[@cit0009] Our findings were in accordance with similar studies in Asia revealed that toxigenic *C. difficile* strains were susceptible to vancomycin and metronidazole as the most common choices for CDI treatment.[@cit0009]

Antibiotics induce short- and long-term changes in the composition of gut microbiota which persisted 6 months to 2 years after treatment.[@cit0010],[@cit0011] Systemic antimicrobial therapy caused a decrease in specific taxa of gut microbiota diversity and disturbances regardless of the research technique used including a decrease of the Bacteroides and Firmicutes phylae together with an overgrowth of *Enterobacteriaceae*.[@cit0003],[@cit0010],[@cit0011] Following the use of quinolones, recovering the initial composition of microbiota diversity can be incomplete. Clindamycin, penicillins, cephalosporins, and fluoroquinolones are the classes that are more frequently associated with CDI, such as a Cephalosporin which leads to a decrease in Clostridia, Lactobacilli, and Bifidobacteria.[@cit0011] Clindamycin leads to a decrease in total anaerobic bacteria, *Bifidobacterium, Clostridium*, and some species in the *Bacteroides* genera.[@cit0008],[@cit0011],[@cit0028] Studies suggest a probable association between fluoroquinolone use, age over 65 years, and PPI use with a higher risk of CDI.[@cit0001] The link between using PPI and CDI was not found in our study; however, a recent metagenomics study has compared the gut microbiota of patients who had been using PPI for more than 5 years revealed a decrease in Bacteroidetes and an increase in Firmicutes phylae while in another study by Faleck et al, no changes in gut diversity were observed.[@cit0029],[@cit0030] A significant alteration of gut microbiota was described during CDI along with a decreased number of bacterial genera, ie, *Bactericides, Prevotella*, and *Bifidobacteria*, with increased numbers of facultative species, ie, *Clostridium* and *Lactobacillus* spp. and our results were similar to these findings. We also observed decreased numbers of Clostridium cluster IV in patients with CDI that were in agreement with Antharam et al study.[@cit0006],[@cit0022],[@cit0031]

In a model of CDI in aged mice compared to young mice, the severity of the disease, relapse, and mortality was increased and recovery from infection delayed.[@cit0005] Various animal models showed more complexes including changes in immune responses and gut microbiota.[@cit0032] These aged mice generated lower serum levels of anti--*C. difficile* toxin A immunoglobulin M and immunoglobulin G, and had altered microbiota structure[@cit0005] The specific alterations in the gut microbiota of the treated mice with antibiotics have been shown the loss of colonization resistance to *C. difficile*, an increase in the Firmicutes and Proteobacteria, and more specifically in the Lactobacillaceae and Pseudomonadaceae families.[@cit0032]

Some other bacterial groups could be associated with a CDI or non-CDI status, which depends on the other microorganisms present in the microbiota.[@cit0002] Loss of Bacteroidales may be a biomarker for *C. difficile* positive status and worsening the clinical prognosis.[@cit0025] Patients with CDI revealed higher abundances of *Lactobacillus* spp., *Escherichia coli*, and *Klebsiella* spp. which were in agreement with those of other studies in which patients with CDI revealed an enriched *Lactobacillus* profile in the gut and the overrepresentation of opportunistic pathogens, such as *Klebsiella* and members of *Enterobacteriaceae*, may clearly express a blooming phenomenon, because of a reduced ecological niche competition.[@cit0003],[@cit0008] Our subjects had high rates of prior antimicrobial treatment which resulted in an abundance of the members of *Enterobacteriaceae* family, including *Escherichia* and *Klebsiella*. These common opportunistic pathogens become dominant when the normal gut microbiota is disturbed by antibiotics. The link between *Akkermansia* and *C. difficile* infection was found within some of the CDI samples. The relative overrepresentation of *Akkermansia* spp. may reflect gut inflammation with increased enteric mucous production.[@cit0008],[@cit0033]

CDI group had significantly fewer members of *Bacteroides* spp., *Clostridium* cluster IV, *Bifidobacterium* spp.,*F. prausnitzii*, and *Prevotella* spp. in their fecal microbiota than non-CDI group.

Besides, in the present study, the levels of *F. prausnitzii* were lower in the CDI group than the control group. The levels of *F. prausnitzii* and *Bifidobacterium* are reduced in patients with chronic gut inflammation, and *F. prausnitzii*, in particular, has been shown to exert anti-inflammatory effects on inflammatory bowel disease models of colitis.[@cit0034] Microbiome disturbance, such as prolonged antibiotic treatment could overwhelm the homeostasis maintenance and protection against CDI. Specific dysbiosis in the microbiota of the elderly populations resulting in increased susceptibility to opportunistic pathogens like *C. difficile*.[@cit0008]

The relatively low number of patients, dietary regimen, and the clinical complexity of patients were the major limitations of this study which can certainly influence comparisons between CDI and non-CDI groups. Further studies on the elderly population needed to improve our knowledge of the CDI. To our knowledge, this is the first study exploring the composition of fecal microbiota using a qPCR approach in a hospitalized elderly population with CDI.

Conclusions {#s0005}
===========

Changes were observed in *C. difficile* positive individuals in the abundance of some bacterial populations, including *Akkermansia muciniphila, Lactobacillus* spp., *Escherichia coli*, and *Klebsiella* spp. were higher in CDI patients than in non-CDI patients. A decrease of the members of *Bacteroides* spp., *Clostridium* cluster IV, *Bifidobacterium* spp.,*Faecalibacterium prausnitzii*, and *Prevotella* spp. was revealed in the CDI group. This may indicate that the effects of antibiotic treatment and CDI leading to a significant difference between the intestinal microbiota of these two groups, but further studies are still needed for better understanding the alteration of intestinal microbiome lead to CDI and providing potential targets for prevention and treatment.
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[^1]: **Notes:** The data are no. (%) of subjects. ^a^Patients reported to be CDI positive as they were positive for the microbial culture, the genes encoding *tpi* gene and the gene encoding toxin B (*tcdB*) or toxin A (tcdA) genes. ^b^Values are presented as mean ± SD.

[^2]: **Abbreviation:** IQR, interquartile range.

[^3]: **Note:** ^a^Clinical and Laboratory Standard Institute; ^b^European Committee on Antimicrobial Susceptibility Testing.
